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16   Wina Crijns-Graus /  Energy Procedia  100 ( 2016 )  14 – 21 
WKHUPDO LQ WKHHLJKWLHVDQGRIVRODU39LQWKHQLQHWLHV,QVSLWHRI WKHKLJKHUJURZWKUDWHVDIWHUWKHVKDUHRI
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WR
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
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K\GURXVHDQGELRIXHOV$IULFDDQGQRQ2(&'$VLDKDYHKLJKVKDUHVRIWUDGLWLRQDO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
)LJDWRWDOHQHUJ\XVHDQGVKDUHUHQHZDEOHHQHUJ\E\UHJLRQDQGEUHQHZDEOHHQHUJ\XVHE\VRXUFHLQDQGEDVHGRQ>@
)XWXUHFRQWULEXWLRQVRIUHQHZDEOHHQHUJ\DQGHQHUJ\HIILFLHQF\
6WDELOL]LQJJUHHQKRXVHJDVFRQFHQWUDWLRQLQWKHDLUWRSSPZRXOGEHQHHGHGWROLNHO\OLPLWJOREDOWHPSHUDWXUH
LQFUHDVHWR&FRPSDUHGWRSUHLQGXVWULDO OHYHO>@7KLVZRXOGFRUUHVSRQGWRDQHQHUJ\V\VWHPFRQVLVWHQW
ZLWK DQ HPLVVLRQV WUDMHFWRU\ ZKHUH HQHUJ\UHODWHG &2 HPLVVLRQV GHFUHDVH JOREDOO\ E\ PRUH WKDQ KDOI LQ 
FRPSDUHGZLWKOHYHODQGHQVXULQJWKDWWKH\FRQWLQXHWRIDOOWKHUHDIWHU>@$QLQFUHDVHLQUHQHZDEOHHQHUJ\
DQGLPSURYHPHQWRIHQHUJ\HIILFLHQF\ZRXOGWKHNH\PHDVXUHVIRUUHGXFLQJWKHVHHPLVVLRQV
.UH\DQG&ODUNHUHYLHZORQJWHUPHQHUJ\VFHQDULRVLQWHUPVRIGLIIHUHQFHVDQGVLPLODULWLHV>@7KLV
VWXG\ ZDV XVHG LQ WKH ,3&& ³6SHFLDO 5HSRUW RQ 5HQHZDEOH (QHUJ\ 6RXUFHV DQG &OLPDWH &KDQJH 0LWLJDWLRQ´
655(6ZKHUHORQJWHUPHQHUJ\VFHQDULRVDUHHYDOXDWHG>@7KHVHVFHQDULRVDUHGLYLGHGLQWRWZRFDWHJRULHV
³SSP´DQG³SSP´6LQFHDGHJUHHVWDUJHWLVJHQHUDOO\UHODWHGWRDFRQFHQWUDWLRQRISSPLQ
ERWKFDWHJRULHVDUH LQFOXGHGLQ WKLVVWXG\7RFRPSOHPHQW WKHVHDYDLODEOHVFHQDULRVSXEOLVKHGDIWHU WKLVVWXG\DUH
WDNHQLQWRDFFRXQW7KHVHDUH
• ,($³(QHUJ\7HFKQRORJ\3HUVSHFWLYHV´(73HGLWLRQ>@
• *UHHQSHDFH(5(&(QHUJ\>U@HYROXWLRQ(5VFHQDULRHGLWLRQ>@
• ::)(FRI\V(QHUJ\VFHQDULR>@
• *OREDO(QHUJ\$VVHVVPHQW*($(QHUJ\SDWKZD\VIRUVXVWDLQDEOHGHYHORSPHQW>@
7KHVHVFHQDULRVFRYHUJOREDOHQHUJ\VXSSO\DQGKDYHVHFWRUGHWDLODYDLODEOHZLWKD WLPHIUDPHXSWR1RW
LQFOXGHG DUH WKH 6KHOO 1HZ /HQV 6FHQDULRV >@ VLQFH WKHVH GR QRW UHDFK D  & WDUJHW DQG WKH *OREDO
(QYLURQPHQWDO2XWORRNVFHQDULRV>@ZKLFKGRQRWLQFOXGHVXIILFLHQWGHWDLO
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.H\FKDUDFWHULVWLFVRIWKHLQFOXGHGVFHQDULRVDUHJLYHQLQ7DEOH)RUFRPSDULVRQUHDVRQVWKHGHJUHHVVFHQDULR
'6 RI WKH ,($(73 LV LQFOXGHG 7KLV LV D EDVHOLQH VFHQDULR WKDW LV EURDGO\ FRQVLVWHQWZLWK WKH:RUOG (QHUJ\
2XWORRN:(2³&XUUHQW3ROLFLHV´VFHQDULR WKDWUXQVXS WR>@,Q WKH*($DQG(73'6VFHQDULRHQHUJ\
UHODWHGJUHHQKRXVHJDVHPLVVLRQVDPRXQWWR*WRQQH&2HTE\FRPSDUHGWRLQLQWKH'6VFHQDULR
%RWK DLP DW VWDELOL]LQJ JUHHQKRXVH JDV FRQFHQWUDWLRQ OHYHOV WR  SSP 7KH *UHHQSHDFH(5(& (5 VFHQDULR
H[SORUHVDKLJKHUOHYHORIJUHHQKRXVHJDVHPLVVLRQUHGXFWLRQWRRQO\*WRQQH7KLVZRXOGLQFUHDVHWKHFKDQFHRI
OLPLWLQJJOREDOWHPSHUDWXUHLQFUHDVHWRGHJUHHV7KH::)(FRI\VVFHQDULRDLPVDWQHDUUHQHZDEOHHQHUJ\
GHSOR\PHQW DQG HQGV XS ZLWK RQO\  *WRQQH &2HT LQ  ,Q WHUPV RI UHQHZDEOH HQHUJ\ GHSOR\PHQW WKH (5
VFHQDULRLVKLJKHVWZLWK(-FRPSDUHGWRLQWKH(73DQG*($VFHQDULRV::)LVLQWKHPLGGOHZLWK
(-7KH*($FRQVLVWVRIWZRWUDMHFWRULHV(IILFLHQF\DQG6XSSO\7KH(IILFLHQF\WUDMHFWRU\IRFXVHVVWURQJO\RQ
HQHUJ\ HIILFLHQF\ LPSURYHPHQW DQG KDV D PRUH PRGHUDWH SULPDU\ HQHUJ\ XVH RI  (- LQ  7KH 6XSSO\
WUDMHFWRU\ IRFXVHV RQ ORZ FDUERQ HQHUJ\ VXSSO\ZLWKPRUH UHQHZDEOHV DQGPRUH FDUERQ FDSWXUH DQG VWRUDJH 
*WRQQH&2LQFRPSDUHGWR*WRQQHLQWKH(IILFLHQF\VFHQDULR
7DEOH.H\FKDUDFWHULVWLFVRIVFHQDULRVLQ>@
6FHQDULR *+*HQHUJ\*W
&2HT
*OREDOHQHUJ\XVH
(-
6KDUH5( 5(6(-
,($\HDU2012    
,3&&655(6SP 1$ 1$ 1$ 
,3&&655(6SSP 1$ 1$ 1$ 
,($(73'6    
,($(73'6    
*UHHQSHDFH(5(&ER 2012    
::)(FRI\V    
*($(IILFLHQF\    
*($6XSSO\    

)LJVKRZVWKHDEVROXWHDQGUHODWLYHDPRXQWRIUHQHZDEOHHQHUJ\XVHLQ WKHVFHQDULRVDQGWKHFRPSRVLWLRQ$
FOHDU VKLIW LVYLVLEOH LQ WKHGRPLQDQFHRIELRPDVV LQ WRPXFKKLJKHUFRQWULEXWLRQVRIPDLQO\ZLQGDQGVRODU
HQHUJ\,QPRVWVFHQDULRVELRPDVVUHPDLQVWKHODUJHVWUHQHZDEOHHQHUJ\VRXUFHLQH[FHSWIRUWKH(5VFHQDULR
ZKHUHVRODUDPRXQWVWR(-LQFRPSDUHGWR(-IRUELRPDVV7KHJURZWKRIELRPDVVZRXOGEHPDLQO\LQ
ELRPDVV HOHFWULFLW\ DQG ELRIXHOV > @ +\GUR SRZHU GRHV QRW VKRZ D ODUJH LQFUHDVH LQ WKH VFHQDULRV 7KH
DPRXQWRIZLQGUDQJHVIURP(-LQDQGIRUDFRQVLGHUDEOHSDUWFRQVLVWVRIRIIVKRUHZLQG>
@ 7KH FRQWULEXWLRQ RI VRODU HQHUJ\ LV LQ PRVW VFHQDULRV KLJKHU WKDQ ZLQG ZLWK  (- ZLWK DERXW 
FRQVLVWLQJRISKRWRYROWDLFV7KHUROHRIWLGHZDYHDQGRFHDQHQHUJ\UHPDLQVOLPLWHG


)LJDUHQHZDEOHHQHUJ\XVHSHUVFHQDULRLQDEVROXWHDQGEUHODWLYHGHULYHGIURP>@
,Q7DEOH WKH\HDUO\JURZWK UDWHVRI UHQHZDEOHHQHUJ\ LQ WKH VFHQDULRVDUHFRPSDUHG WR WKHSDVWJURZWK UDWHV
IURP 7DEOH  7KH EDVHOLQH VFHQDULR ,($ (73 '6 LV LQFOXGHG >@ DQG WKH UDQJH RI WKH  GHJUHHV VFHQDULRV LV
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LQFOXGHG>@5HPDUNDEOHLVWKDWHYHQWKHEDVHOLQH(73'6VFHQDULRFRQWDLQVDPXFKORZHUJURZWKLQHQHUJ\
XVH LQ WKH SHULRG  WKDQ LQ WKH SDVW  FRPSDUHG WR  SHU \HDU IRU SULPDU\ HQHUJ\ XVH 7KH 
GHJUHHV VFHQDULRV DOO KDYH DQ HYHQPXFK ORZHU GHYHORSPHQW UDQJLQJ IURP QHJDWLYH JURZWK GHFUHDVH WR D YHU\
PRGHUDWHJURZWKRISHU\HDUIRUSULPDU\HQHUJ\XVH7KHJURZWKUDWHVIRUUHQHZDEOHHQHUJ\DUHLQWKHUDQJHRI
LQWKHGHJUHHVVFHQDULRVFRPSDUHGWRLQWKHSDVW7KLVPHDQVDTXLWHVWURQJHUXSWDNHRIUHQHZDEOHVHYHQ
FRPSDUHGWRWKHSHULRGZKLFKVKRZHGDUHODWLYHO\KLJKJURZWKUDWHRISHU\HDU5HQHZDEOHHQHUJ\
VRXUFHVZLWKKLJKJURZWKUDWHV LQ WKHUDQJHRISHU\HDU LQWKHGHJUHHVVFHQDULRVDUHZLQGHVSHFLDOO\ZLQG
RIIVKRUHJHRWKHUPDOHOHFWULFLW\VRODUKHDW39DQG&63DQGRFHDQHQHUJ\
$OOLQDOOUHQHZDEOHHQHUJ\JURZVPXFKIDVWHUWKDQSULPDU\HQHUJ\XVHLQDOOGHJUHHVVFHQDULRVDQGHYHQLQWKH
EDVHOLQH  GHJUHHV VFHQDULR 7KLV LV D FOHDU GLIIHUHQFH ZLWK SDVW WUHQGV ZKHUH RQO\ D VOLJKWO\ KLJKHU JURZWK RI
UHQHZDEOHHQHUJ\LQFRPSDULVRQWRSULPDU\HQHUJ\XVHRFFXUUHGDIWHU




7DEOH<HDUO\JURZWKUDWHVRIUHQHZDEOHHQHUJ\E\SHULRG,
 µµ µµ µ  ETP 6DS (2011-2050)  
2& (from base 
year to 2050) 
%LRPDVV      
Electricity      
Biofuels       
+\GUR      
:LQG      
Onshore 1$ 1$ 1$ 1$  
Offshore 1$ 1$ 1$ 1$  
*HRWKHUPDOHQHUJ\      
Electricity      
Heat      
6RODU      
Heat      
Photovoltaics      
CSPII      
7LGHZDYHDQGRFHDQ      
7RWDO5(      
Total primary energy use      
Share RE in  primary (%)      ,,, ,,,
,EDVHGRQ>@(73>@DQGGHJUHHV>@,,&63 &RQFHQWUDWHG6RODU3RZHUHOHFWULFLW\,,,LQ
7DEOHVKRZVUHJLRQDOJURZWKUDWHVIRUSULPDU\HQHUJ\XVHUHQHZDEOHHQHUJ\XVHDQGWKHVKDUHRIUHQHZDEOH
HQHUJ\LQWRWDOSULPDU\HQHUJ\XVHIRUWKH\HDUVDQGSHULRGEHWZHHQDQG7KHIXWXUHJURZWKUDWHV
DUH EDVHG RQ WKH DYHUDJH JURZWK UDWHV SHU UHJLRQ IRU IRXU VHOHFWHG VFHQDULRV LQ WKH ,3&& 6SHFLDO 5HSRUW RQ
5HQHZDEOH(QHUJ\6RXUFHV DQG&OLPDWH&KDQJH0LWLJDWLRQ >@7KHVHYDOXHV DUH FRQVLVWHQWZLWK WKH ORZHU HQG
JURZWKUDWHVLQWKHGHJUHHVVFHQDULRVDVSUHVHQWHGLQ7DEOH)URPWKLVWDEOHLWLVFOHDUWKDWWKHQHHGHGFKDQJHLQ
SULPDU\HQHUJ\XVHLVPXFKVWURQJHUWKDQWKHFKDQJHLQUHQHZDEOHHQHUJ\JURZWKUDWHV7KH2(&'UHJLRQVDOOQHHG
QHJDWLYH JURZWK UDWHV IRU SULPDU\ HQHUJ\ XVHZKLOHPRVW QRQ2(&' UHJLRQV FDQ DIIRUG D OLPLWHG LQFUHDVH XS WR
\U
,Q WHUPRI UHQHZDEOHHQHUJ\ IRUPRVW UHJLRQVPXFKKLJKHUJURZWK UDWHV DUHQHHGHG IRU D ORQJ WLPHSHULRG
a \HDUV WKHQ RFFXUUHG LQ WKH ODVW  \HDUV 7KH H[FHSWLRQ LV 2(&' (XURSH DQG /DWLQ $PHULFD ZKHUH SDVW
RYHUDOOUHQHZDEOHHQHUJ\JURZWKRXWQXPEHUVWKHIXWXUHRQH7KHELJJHVWLQFUHDVHLQUHQHZDEOHHQHUJ\XSWDNHZRXOG
EHQHHGHGLQQRQ2(&'(XURSHDQG(XUDVLD\UFRPSDUHGWR\U2(&'$PHULFDV\UFRPSDUHG
WR\UDQG2(&'$VLD2FHDQLD\UFRPSDUHGWR\U7KHFRPELQDWLRQRIOLPLWHGJURZWKRISULPDU\
HQHUJ\ DQG LQFUHDVHG XVH RI UHQHZDEOH HQHUJ\ OHDGV WR LQFUHDVLQJ VKDUHV RI UHQHZDEOH HQHUJ\ RI  IRU
2(&'UHJLRQVDQGIRUQRQ2(&'UHJLRQVLQ
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7DEOH*URZWKUDWHVIRUSULPDU\HQHUJ\XVHUHQHZDEOHHQHUJ\XVHDQGWKHVKDUHRIUHQHZDEOHHQHUJ\LQWRWDOSULPDU\HQHUJ\XVH
EDVHGRQ>@DQG>@
 7RWDOSULPDU\HQHUJ\XVH\U 5HQHZDEOHHQHUJ\\U
6KDUHRIUHQHZDEOHHQHUJ\LQWRWDO
SULPDU\HQHUJ\XVH
       
2(&'$PHULFDV       
2(&'$VLD2FHDQLD       
2(&'(XURSH       
/DWLQ$PHULFD       
0LGGOH(DVW       
1RQ2(&'(XURSH(XUDVLD       
$IULFD       
1RQ2(&'$VLD       
:RUOG       
'LVFXVVLRQDQGFRQFOXVLRQV
7KLVSDSHUIRFXVHGRQWZRSDUWVILUVWWKHGHYHORSPHQWRISDVWWUHQGVDQGJURZWKUDWHVRIUHQHZDEOHHQHUJ\LQWKH
SHULRGDQGVHFRQGRQWKHQHHGHGJURZWKLQRUGHU WREHFRQVLVWHQWZLWKDGHJUHHVSDWKZD\)URPWKH
DQDO\VLVRISDVWWUHQGVLWEHFDPHFOHDUWKDWLQVSLWHRIFRPSDUDWLYHO\KLJKJURZWKRIUHQHZDEOHHQHUJ\LQWKHSHULRG
WKHVKDUHRIUHQHZDEOHHQHUJ\RQO\LQFUHDVHGVOLJKWO\GXHWRDVLPLODULQFUHDVHLQQRQUHQHZDEOHHQHUJ\
XVH2QO\DIHZUHJLRQVPDQDJHGWR LQFUHDVHWKHVKDUHRIUHQHZDEOHHQHUJ\LQ WKHLUIXHOPL[0RVWQRWDEO\LQ WKH
(XURSHDQ8QLRQWKHVKDUHRIUHQHZDEOHHQHUJ\LQFUHDVHGIURPLQWRLQZLWKVOLJKWO\GHFUHDVLQJ
HQHUJ\XVH&KLQDDQG,QGLDVKRZHGGHFUHDVLQJVKDUHVRIUHQHZDEOHHQHUJ\GXHWRKLJKJURZWKUDWHIRUWRWDOHQHUJ\
DQGKHQFHQRQUHQHZDEOHHQHUJ\XVH7KLVVXJJHVWVWKDWLQRUGHUWRLQFUHDVHWKHVKDUHRIUHQHZDEOHHQHUJ\XVHPRVW
FKDOOHQJHVPLJKWEHH[SHFWHGLQQRQ2(&'FRXQWULHV
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